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ABSTRACT
A validation study of the vision test battery used in

the Health Examination Survey of 1966-1970 was conducted among 210
youths 12-17 years-old who had been part of the larger survey. The
study was designed to discover the degree of correspondence between
survey test results and clinical examination by an opthalmologist in
determining the incidence of myopia and lateral heterophoria.
Findings indicated that survey test results for lateral phoria
provide reliable estimates of the prevalence of significant esophoria
and exophoria among the youth population. The trial lens test for
myopia found to give a better estimate of best corrected acuity than
tests using present glasses compared to strength of correction
needed. Incidence estimates for youths requiring simple spherical
lenses were expected to be more accurate than incidence estimates for
youths requiring a more complex corrective lens. The major portion of
the document consists of tables detailing survey and clinical
examination results. (DB)
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BEST COPY AVAILABLE

VISION TEST VALIDATION STUDY
FOR THE HEALS H EXAMINATION SURVEY AMONG YOUTHS

Jean Roberts, Division of Health Examination Statistics

INTRODUCTION

Vision tests were included in the standardized
xamination given the national probability samples
f children and youths in the Health Examination
urveys of 1963-65 and 1966-70, which focused
rimarily on health factors related to growth
nd development, as previously described. 1,2

In the survey among children 6-11 years of
ge, visual acuity and the degree of eye muscle

balance were determined using selected A:med
orces Vision-Tester targets in Master Ortho-
titer instruments under carefully controlled
onditions, as shown in the first vision and eye
xamination reports from that study.' 3,4 Chil-
en were tested only without glasses or other

orrective lenses.
Because of the reported substantial increase

the incidence of myopia at or around puberty,
e vision test battery for the study of youths

2-17 years of age was expanded beyond that for
ldren to include visual acuity tests with their

seal refractive lenses and a set of trial lenses
sed to determine the presence and severity of
yopia. Lensometer readings of the prescription's
ed in the youths' present glasses or contact

nses were also obtained.
The new vision test battery for the youth

tidy was developed primarily by ophthalmol-
lets Dr. J. Theodore Schwartz of the National

ye Institute and Dr. Herbert A. Urweider of
eorge Washington University School of Medicine.
feasibility test of the new battery was made,
der the guidance of Dr. Urweider, in collab-
ation with Dr. Lawrence E. Van Kirk, Health

xamination Survey Dental Advisor, by the two

initial survey dental examiners who would be
giving both the dental and vision test parts of the
survey examination.

Since essentially no information was avail-
able on the comparability of results from two
parts of the vision battery as they were being
administered in the surveythe trial lens test
for myopia or the phoria (eye muscle im-
balance) tests with those from the usual clinical
ophthalmologic examination, a validation study
pia need with the advisoly group and erranged by
the author of this report was carried out under
Dr. Urweider's direction in collaboration with
Dr. Van Kirk. The study was conducted during
July and August 1968 in Chicago, Illinois, imme-
diately following cnmpletion of the regular survey
examinations at the two locations of the mobile
examination centers in that city. Dr. Mary Dahl,
Illinois-licensed ophthalmologist, performed the
clinical examinations with the assistance of Mr.
John Petroff of Dr. Urweider's staff, who was
the field manorr for the clinical part of the
validation study. Health Examination Survey field
management and field representative staff made
arrangements for the return of the youths who met
the study criteria for these additional examina-
tions.

It was recognized at the outset that three
factors would affect to an unknown extent the
comparability of results between survey tests and
the clinical examination. The first and most
critical of these was that in the clinical examina-
tion the best corrected acuity was obtained under
cycloplegia (with the pupils dilated), while in
the survey only an approximation to this best
coirected acuity could be obtained with the



simple lens and without the use of cycloplegics.
A second factor was the fundamental difference
between t1.4 Ortho-Rater instrument; and com-
monly used clinical tests. Only in the former does
the optical distance of both distance and near
test targets differ from their actual distance.
The targets in the Ortho-Raters used to test
phoria and visual acuity in the survey were
actually only 13 inches from the eyes, and the
desired relaxation of accommodation was pro-
duced by means of plus lenses before the eyes.5
The third factor was that both acuity and degree
of eye muscle imbalance are known to be affected
by the individual's physical condition, in partic-
ular, bodily fatigue.8 No attempt was made to
determine or to control for any such changes
in an individual youth's condition by the time of
his reexamination which was scheduled a week
or more after his survey tests.

STUDY PLAN

The vision test validation study for the
Health Examination Su,rvey among youths was

designed to determine the degree of corre-
spondence, with respect to myopia and lateral
heterophoria, between actual survey test result's
and those obtained in the usual clinical examini-
lion by an ophthalmologist. 1.

The study was conducted in Chicago, Illiondls,
during July and August 1968 immediately tong,-
ing completion of the regular survey examinatidas
at the two locations of the mobile center in that
city. Youths were given their regular standard
survey examination, then a sample was selected
for the validation study which was to include all
of those with abnormal and one-third of tho0
with normal vision test findings.

Criteria for the abnormal group were as
follows:

1. Distance acuity of less than 20/20 (Snellen
ratio) in either eye, and/or

2. Distance lateral phoria outside the range
of scores of 6-16 where a score of 11
shows no heterophoria, and /or

Table A. VisUally normal and abnormal youths 12-17 years of age from the Chicago area
(stand 25) selected and reexamined in the special:Vision study: July-August 1968 '5

Vision test results

All Chicago
area examinees

Study sample
selected

Number
Percent
of ex-
aminees

Number

Percent
of ex .
aminees

in
study
sample

Total 210 100.0 148 70.5

Normal 92 43.8 30 14.3

Abnormal 113 56.2 118 56.2

Type of vision
abnormality:1

Acuity 106 50.5 106 50.5
Phoria 55 26.2 55 26.2

Reexamined in :

special study

Number

Percent_
of
study
sample
reex.
amined

98 66,2

'Includes duplication-- 43 youths had both types of abnormality.

2

29
69

59
33

19,6
46.6

33:3



3, Near lateral phoria outside the range of
scores of 8-18 where 13 is the position
of no lateral misalignment in binocular
vision.

Of the 254 youths in the sample draw for the
Chicago area, 210 were examined as part of the
regular survey, Vision test results for them
showed 92 as normal and 118 as abnormal under
the special study criteria, At the time arrange-
ments were made for the regular examinations,
the Health Examination Survey representative
had described the purpose of the additional special
vision study and had obtained consent from the
parents for the youths' participation in this later
study, should they be selected. Arrangements
were made to transport those youths to be re-
turned to the special study center which was in
the Public Health Service Outpatient Clinic.

Approximately two- thirds of those selected-
98 out of 148returned for the special vision
study. These included 29 out of the 30 selected
systematically from the normal group and 69
of the 118 visually abnormal group. Original
survey examination findings for the visually
abnormal group who 'vere and were not reexamined
are shown in table A. Vacations and work inter-
fered with the return of the remaining 50 youths
despite substantial follovrup effort by the Health
Examination Survey representatives and the field
manager for the clinical part of this study.

REGULAR SURVEY EXAMINATION

The test results from the regular survey
e amination that are compared in this report with

e findings for the youths in the subsequent
social vision study, with and without their
g asses, include: lateral phoria at distance and
near and monocular visual acuity at distance;
the axis deviation and the power of the spherical
and cylindrical lens correction in the youths' own
glasses; and the findings from the trial lens test
or myopia. To preserve the independence of the

subsequent clinical examination findings, the
uryey test results were not made available to the

special study ophthalmologist prior to the special
turfy.

Monocular visual acuity was tested in the
egUlar survey examination using specially de-

signed targets in the Bausch and Lombe Master
Ortho-Rater as described in the report, "Visual
Acuity of Youths, United States."7 Special care
was taken to keep the youths from squinting and
hence reaching a spuriously high acuity level
during the test.

Lateral phoria of youths was also tested with
and without correction in the regular survey
examination using the appropriate plates for
distance and near in the Bausch and Lombe
Master Ortho-Rater in the same manner as
the corresponding tests among children described
in the report "Eye Examination Findings Among
Children, United States."4 For this part of the
survey examination the targets permitted measur-
ing the degree of lateral phoria in single prism
diopters (A)at distance up to 114' of esophoria and
WI of exophoria and at near up to 13A of
esophoria and 21A of exophoria.

The regular survey examination included a
trial lens test for myopia for all youths whose
distance acuity in either eye was less than 20/20
(Snellen). The power in diopters (D) of the seven
spherical trial lenses used in the test were: 0,
-1, -1.5, -2, -3, -4, and -5, The trial lens test,
which was always started first with the 0 diopter
lens, was given without cycloplegia. No attempt
was made to determine the extent of cylindrical
correction or axis deviation for those with some
astigmatism or to test with positive lenses for
those with hyperopia. Hence this trial lens test
was intended to give only an indication of the
presence or absence of myopia and a crude
measure of the best spherical equivalent correc-
tion for myopia.

A lensometer was used in the survey ex-
amination to measure the power of the spherical
and cylindrical lens corrections and the degree
of axis deviation between the two.in the present
glasses of the examined youths. The recording
forms used in the survey are included in the
appendix.

CLINICAL EXAMINATION

At the start of the subsequent clinical ex-
amination each youth in the special study was
first tested without, then with, his own glasses
(if he had glasses) for the degree of lateral
phoria at distance and near. The special study

3



ophthalmologist used the alternate cover tech-
nique, employing prism bars for the quantitative
determinations which permitted measurements in
single prism diopter units ranging up to 20 of
esophoria and soil of exophoria at distance and up
to 306 of esophoria and ssA of exophoria at near.

A standard dosage of cycloplegic (2 drops of
1% Mydriacil 5 minutes apart) was administered.
Twenty minutes after the last drop of Mydriacil
was given, the study ophthalmologist performed
a retinoscopic examination and determined the
best possible correction for the youths at distance.
The power of the spherical and cylindrical correc-
tion in each of these lenses was recorded to the
nearest 0.25 diopter and the axis deviation to
the nearest degree. The monocular acuity with
this maximum correction Was also obtained.
Results were recorded on examination forms
shown in the appendix.

The clinical examination was given from 1
to 4 weeks after the regular survey testing for
each youth was completed.

FINDINGS
Phorla Tests

For youths in the special study, lateral
phoria test results without glasses from the
survey and later clinical examination were in
better agreement. on distance than on near tests
among both the abnormal and normal control
groups. At near, agreement was better on these
tests among normal than abnormal subjects. Since
the range in degree of lateral heterophoria was
similar at distance and near but substantially
greater among abnormal than normal subjects;
the extent of agreement or lack of it between
the survey and clinical tests does not appear to
be a function of the severity of heterophoria,

The proportion of youths for whom com-
parable survey-clinical test results differed by
no more than 1 prism diopter was highest for
normal subjects at distance without glasses (41
percent) and lowest for abnormal subjects at
near without glasses (10 percent), as shown in
tables B and 1-4.

Table B. Extent of agreement between phoria test results on survey and clinical, ex-
amination of youths 12-17 years of age: Chicago Special Vision Study, 1968

Group and test

Number
of

youths
given
both
tests

Difference between survey and
clinical scores in prism diopters.

o6
lA or
less

26 or
less

3A or
more.

Abnormal group
Distance:

Percent of examinees

Uncorrected 47 6.4 31.9 57.4 42.6
With correction/ 37 5.4 24.3 37.8 62.2

Near:
Uncorrected 60 1.7 10.0 16.7 83.3
With correction/ 37 13.5 27.0 29.7 70,3

Normal group
Distance:
Uncorrected 29 20.7 41.4 65.5 34,5

Near:
Uncorrected 28 10.7 21.4 39.3 60.7

With own glasses or contact lenses.



Oft these tests without glasses, the proportion
whom survey and clinical phoria test findings

differed by 3 prism diopters or more was
Significantly greater on near than distance tests
among both normal subjects (61percent compared
With 34 percent) and abnormal subjects (83 per
Cent compared with 43 percent). The respective
hear- distance differences in these proportions are
Statistically significant at the 5-percent prob-

'ittbility level or lower. The proportion showing
late degree of difference on clinical retest

prism diopters or more) without glasses is
also significantly greater on near, but not distance,

:Oats among the abnormal than the normal group
(83 percent compared with 61 percent). Findings
with respect to the agreeinent between clinical
and survey phoria tests with glasses among
abnormal subjects are inconclusive; the re-
epective proportions of substantial disagreement
(3 prism diopters or more) do not differ sig-
nificantly from those found between survey-
clinical test results among normal subjects.

Survey tests generally tended to rate the
subjects as having a greater degree of lateral
heterophoria than did the clinical tests. More
than half of the normal and abnormal subjects
scored lower on the clinical than on the corre-
sponding survey test for all but the normal
group when tested at near. The proportions with
lower clinical than survey scores ranged from
64 percent for the abnormal group at distance
Without correction to 58 percent among normal
subjects at distance but dropped to 46 percent for
formal subjects when tested at near. For the
remainder whose clinical score was not lower
than their survey test, the clinical score was
substantially more likely to have exceeded than
to have been the same as the survey score
among abnornial subjects on three of the four
testsat distance without correction and at near
without and with correctionand among normal
subjects at near.

When the type of heterophoria in any degree
Was considered, substantially more youths were
rated as having 1 prism diopter or more of
esophoria at distance on survey than on clinical
Oita, the proportions ranging from 69 to 78
percent for the abnormal group with and without
correction and for the normal group on the
_

OUrvey compared with 3 to 6 percent on the
g

respectivf clinical tests, as shown in table C.
At near, the survey test results with respect
to some degree of esophoria are less consistent
than those at distance, but for two of the,three
groups or testsabnormals with correction and
normals,--proportionately more than twice as
many were rated as esophoric in the survey than
in the clinical examination. At near, the propor-
tion rated as exophoric (1 prism diopter or more
deviation) was similar on survey and clinical
examinations for all three groups or tests
abnormals without and with correction and the
normals. However, at distance, significantly more
(proportionately two to three times as many)
were found to have some degree of exophoria
(1 prism diopter or more)on the clinical than the
survey examination.

The survey tests at distance were sub-
stantially more likely to show lateral eye muscle
imbalance than were the clinical testa: the three
survey tests showed only 8-21 percent as normal
or orthophoric (0 prism diopters of deviation)
compared with 54-76 percent for the corre-
sponding clinical tests. At near, this pattern was
also found among abnormal subjects when tested
with correction (but not without) and among
normal subjects.

The degree of association as measured by the
correlation coefficient between clinical and survey
phoria test results among abnormal subjects is
significant and slightly higher for tests without
glasses at distance than near (r=+.55 and +.44,
respectively). A significant association also may
be seen on tests with glasses and for normal
subjects where the chi-square test for independ-
ence shows a relationship or lack of independence
significant at the 1-percent probability level or
lower (tables 1-4).

Since it is the purpose of the survey tests
to identify and determine the extent of significant
esophoria or exophoria rather than to give a
precise measure or distribution of the degree
of imbalance in the youth population, the extent
of agreement between survey and clinical ex-
amination on this basis is of primary interest
here. The critical levels of significant hetero-
phoria most frequently recommended in standards
for referring children for further study and care
are 5 prism diopters or more of esophoria or
exophoria at distance and at near 6 prism diopters



-ConeistencY,of obetia Vikings on Clinical and eur4ey toto yOUthi
lettra-of age: Chicago SpeCiel,Viiion Stddys 1968_

.
Es*Ph°rIa I or

More)
orthophoria (0° ) Exopheria

more)
(14 or

:

....\

_
Olinica 14--

Survey ,,-

agreement
.......

Group and test -6h

Clinical Survey Clinical Survey Clinical Survey "4"0-41'
test teat test 'test test tost -64110'.phorial

Percent of examinees

:Abnormal group
Diatancel.
Uncorrected - -- -- -- 6.4 72,3 57.4 12.8 36.2
With corrections - -- 5,4 78.4 54.1. 40.5

Near
Uncorrected
With correction2---

20.0
24,3

11.7
56.8

10,0
43.3

10.0
2a

70.0
32.4

Normal group
Distance:
Uncorrected 3.4 69.0 75,9 20.7 20,7

Near:
Uncorrected 14.2 39.3 39.3 14.2 46.5

144 95i
13,5 90;

78,3 71.
40.5 72e7.

10.3 100,

46.5 7$.0=

'Using critical levels: distance esophoria of 54 or mores exophoria of 5° or more

0-44 considered essentially orthophoric; near esophoria of 64 or mores exophoria of 104
or more, with remainder considered essentially orthophoric. 4,8,9

2With own glasses or contact lenses.

Figure I. Percent agreolient between clinical and sur-

vey tests among youths $2-17 Years of age in iden-

tifying essential orthophoria: Chicago Special

slam Study, OW

6

A

or more of esophoria and 10 prism dioptera
more of exophoria.440 Considering the *lesser;
degrees of heterophoria as orthophoria on 0:C
hests of these broad groupings (significant
ophoria, significant exophoria, and essentially:
normal or orthophoric), clinical and survey,teet,
results show a high level of agreement,*
essential orthophoria (table C and figure- We
The r;rcentage with complete agreementbetwe0
survey and clinical test results on this basis was
slightly higher on distance than near tests (95f
91, and 100 percent at distance, respectively,-
for the abnormal subjects tested without and
with correction and the normal controls, compared
with the corresponding percentages of 71, /3,-
and 75 at near).

Refraction
From the survey and clinical examined:*

findings for the youths in this study it watt
possible to determine the extent of agreetnelfr:



lirnOnii -three measures of monocular diststice
;acuitythe best corrected acuity as determined
Wiih .0clOplegia in the refraction part of the

examination, the best level obtained
with the trial lenses but without cycloplegia

the survey, and the level at which they could
'read with their present glasses.

As previously indicated, the trial lens test
-tor myopia- was given each youth in the survey

who tested less than 20/20 In either eye without
E e'glasses, The failure_to reach that level may have
--:-.`-been due to simPle myopia, astigmatism, or a
---Combination of these or other conditions affecting

It was the purpose of this special study
io determine hoW accurately this crude screening

`- device consisting of a piano lens and six simple
negative spherical lenses ranging in power from

to 5 dlopters could identify and roughly grade
the degree of simple myopia. Obviously, the
refraction done in the clinical examination with
Cycleplegia and that done at the time the youths
were examined for their present glasses would
have determined the best correction possible at
those respective times and would not have been
limited to just the negative spherical corrections
of 5 dlopters or less used in the survey tests.

The best apparent agreement among these
three measures of corrected acuity (disregarding
the strength of the correction needed) was between
the level obtained with refraction in the clinical
-examination and that with present glasses at the
time of the survey (tables D and 5). Agreement

between acuity on the trial lens test and the re-
fractive examination was slightly but not sig-
nificantly less good, while the poorest agreement
was that between results with the trial lens and
those with present glasses both done at the time
of the survey.

Complete agreement with respect to distance
acuity level was reached on the survey tests with
present glasses and with refraction on the clinical
examination for 61 percent of the youths compared
with 57 percent complete agreement between the
survey trial lens test results and those from the
refractive examination, Agreement within one
acuity level was reached for 81 percent of the
youths between their survey tests with glasses
and their refractive examination compared with
74 percent between trial lens and refractive
examination. Substantially less good agreement
was found between acuity on the trial lens test
and with their own glasses among these wouths
only 43 percent reached the same acuity level on
both types of tests while for 60 percent acuity
differed by no more than one level. The poorer
agreement between the trial lens test results
and those with their present glasses reflects
the fact that not all of the youths were reaching
their best corrected acuity with their present
glasses at the time of the survey,

Consideration of the acuity level reached on
each of the three types of tests in relation to the
spherical equivalence of the corrective lens used
gives some further insight into the lack of

Table D. Extent of agreement on visual acuity level among findings from refraction in
clinical examination,trial lens test in surveNand tests with present glasses in sur-
vey of youths 12-17 years of age: Chicago Special Vision Study, 1968

Tests for determining acuity
Number
of

tests

Difference in monocular
acuity level

None Two Three
Or more

percent of tests

Refraction vs. trial lens 103 57.2 16.6 8.8 17.4

, Trial lens vs. present glasses 75 42.7 17.2 12.2 27.9

2-- Present glasses vs. refraction 84 60.7 20.2 11.9 7,2



complete agreement in the measurement of acuity
among these three tests. As used in this report,
the spherical equivalence of a lens (system) is
that described by Copeland (1928) to as the
algebraic sum of the spherical power of the lens

and half the power of the cylinder, This ap-
proximation of the strength of the lens has the
effect of ignoring or omitting the astigmatic
correction in compound lenses (those with both a.

, spherical and cylindrical correction) to the extent
.

descrihed by Duke-Elder (1970).11 In a simple
epheriOal correction the power (the reciprocal
of the focal length) and the spherical equivalency
'of the lens are identical. in the present study,
when- the strength of the lens in terms of its

_ spherical equivalemy was taken ,into account,
agreement between the acuity on refraction_ and
oft -the: trial lens test was found to be better
than that between acuity on the refractive ex-
amination and with their own glasses or between
acuity test results with their glasses and with
the trial lens (tables 6-8).

The proportion of youths in the study reach-
ing at least the 20/25 level on each of the three

Table E. Proportion of tests in which acu-
ity of at least 20/25 was obtained for
youths 12-17 years of age with the re-
fractive _examination. and the trial lens
test, by the spherical equivalence ofthe corrective lens used; Chicago Spe-
cial Vision Study, 1968

Spherical equiva-
lencet in diop-

ters

PerCent of monocu-
lar tests with cor-
rection to at least

20/25 level

Trial
lens
test

Re.
frac-
tion

Pres-
ent

glasses

0 27.2 . 94.4 55.5.1 92.0 100.0 100.0-1.5 100,0 90.9 50.0
-2 66.7 80.0 66.7
-3 91.7 88.2 91,7

100.0 100.0 75.0
-5 ox more 2 21.7 68.2 76.7

lAlgebraie sum of the spherical and
one4talf of cylindrical lens power.

flipper liMit of Spherical equivalencein trial lens test was -5 diopters.
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SPHEMCAL kOUNALENti Of LENS IN DIOP214

Figure 2, Proportion of monocular tests in which
acuity of at least20/26 was reached with_ trial lens
test and refractive examination, by spb441c4leiulif-
alence of . lens for those requiring correction' ef --,
I to 5 dloptere or more: Chicago Special -MOM ?-
Study, 1968.

acuity tests 'shovis generally good agreement
when a lens with spherical equivalency Of ..1
through -4 diopters was used, as may be seen
In figure 2 and tables E, 9-11. The poor agree,
ment evident at the extremes of the trial !eta,
range --0 diopters or no correction. and, 4;,_,
dioptersreflects the limitations of this SOrtireY---:
test. At the lower extreme are those' WhoSe._',i
visual problem is not one of simple myopia,-,-
while at the upper extreme are those needing a
stronger corrective lens, About 3 percent of these
youths were found on clinical examination to tie
hyperopic rather than myopic, so that no real ,-

improvement in acuity could be expected with
a simple negative lens.

Seventeen percent of youths reached the same
acuity level with the same spherical equivalency
of lens on the refractive examination and trial
lens test compared with 11 percent on the re-
fractive examination and their own glasses and 12
percent on tests with their own glasses and those
with the trial lens (tables 6-8). The better
agreement is found only for those with a simple
spherical correction (the respective Percentages _-,

being 12 percent, 6 percent, and 5 percent),
while youths with some degree of astigmatism



_etittiring a OoMpiejc-lenti 'Correction show about
the "same Of agree,Ment on an three corn,

4!li4t1Sl3il$-i(t/16-respectiVe percentage a being $
S percent, and 7 percent).

r t The earns level of acuity was reached more
frequently with a' weaker correction (spherical
pipiValenee) on the refractive examination than
`iith+*: the trial lone test or teats with their own
:ilassea' (16 percent agreement in acuity with a
,s1U.Onger Cot r et Hen in the trial lens and 21 per-
dent agreenient iri acuity With a stronger correc-

their glasses), as might be expected since
lie refrlictiVe ,examination given with the
?canlInee's eyes in a relaxed condition under

CyClOpleglea-, -A negligible proportion reached the
'hante acuity level with a weaker correction in

eir glasses than withittie trial lens,
getter acuity was reached with a stronger-

: correction nn the refractive examination than
either the trial lens test or tests with their own
glasses (22 percent reached better acuity with a
stronger correction on refraction than that used
in the trial lens test and 14 percent than that in
their own glasses). if comparison is limited here
to the possible railge of the trial lens test, the
former proportion is reduced to 12 percent,
Substantially more youths reached better acuity
with a stronger correction in their own glasses
than that used in the trial lens-44 percent for
the entire group or 20 percent if comparison is

7 limited to the possible range of the trial lens
::;_test (less than 6 diopters).

For refraction in the clinical examination
z;_ More than half of the visually abnormal youths

03 percent) required a complex lens with both
;$ spherical and cylindrical correction to com-
44ehiate for, astigmatism to reach their best

corrected acuity (table 6). Hence the agreement
between the clinical examination and trial lens
test findings with respect to the power of the

`,.corrective lens needed and with respect to the
best corrected acuity with that strength is sub-
stantially poorer among these subjects than among

_the .:remaining 47 percent where no cylinder in
=';': the Jens was needed. For the latter group, with

no astigmatism, 25 percent reached the same
i=acuity level with the same lens spherical equiv-

alence on both the clinical examination and
Offal lens test compared with 9 percent among
,-;'.3hose for whom a cylindrical correction was,-

also needed. (The difference in these proportions
Is statistically significant at they- percent prob.:
ability level.)-

More than one-half of the results (52 percent)
from the trial lens tests undertitaied_"che best
acuity attained on refraction with about/0 percent
of this being due to the need for a stronger lens
or Oylfrider or both in the correction

Nearly 1- percent 'of the trial lens tests-
apparently; overcorrected the acuity- beyond that
obtained 4i the clinical examination- despite the

ii act that care was taken in the survey ekainintition
to keep the ,youths from squinting. Slightly but
not significantly more of theie were - among
youths requiring only a simple negativeepherical-
lens correction, without a cylinder.

Comparison between the 'degree of refraction
In the present glasse3 for these youths at- the
time of the survey and in the best correction for
them at the time of the clinical examination is
shown in tables 12-15, The degree of association
or extent of agreement with respect to both the
spherical equivalence and the spherical lens part
in both corrections is very high (v + .84 and x:70.
1,155.53, p< .0001). No significant association or
agreement was found with respect to the power
of the cylindrical correction or the axis deviation
in the complex lenses (tables 13 and 14),

It is of interest to compare the acuity levels
reached with the trial lens and with their present
glasses for the youths in this special study,
both tests done in the survey without dilation,
but within a period of less than 20 minutes,
The correlation here was of a very low order
+.05 for the entire group or +.20 if limited to
those with simple spherical correction in their
glasses. The correlation between acuity with
their present glasses in the survey and that
found on refraction (with cycloplegia) in the
clinical examination was +.40 for the entire
group but increased to +,70 when limited to the
group with simple spherical lenses.

Thus on the basis of the Chicago study _the
trial lens test results from the survey would
appear to differentiate myopia and to provide a
slightly better estimate of the best corrected
acuity level for the youth population than that
obtained from test results with their present
glasses within' the limits of the strength of the
trial lens test, The estimates will be better for

9



those youths who require only a simple correction
of 6 diopters or less than those requiring a
stronger lens or complex correction.

DISCUSSION
Previous studies have shown correlations

between clinical and Ortho-Rater lateral phoria
tests ranging from +.53 to +.94 at eistance and
+.64 10 +.77 at near.5,12-15 From these studies
it is also evident that, as measured by the corre-
lation coefficient, the association between machine
tests (including the Ortho-Rater) and clinical
tests is as close as that between the clinical
tests themselves when given under controlled
conditions with only a short timelag between
the first test and the retest.

The findings with respect to agreement
between clinical and survey (Ortho-Rater) phoria
tests at distance in the present clinical study are
within the range of the previous survey results.

=+,55), while at near they are somewhat lower
(r=+.44). Considering the timelag between the
survey and clinical examinations of from 1 to
4 weeks , these findings are remarkably consistent
with those from previous, more closely controlled
studies. Complete agreement for 70-90 percent
on the various phoria tests was found when
results were grouped into the three categories
of significant esophoria, significant exophoria,
and essential orthophoria. Hence the phoria
findings among youths from the Health Ex-
amination Survey in 1966-70, of which this
study group is a small segment, can be expected
to give fairly accurate estimates of the prev-
alence of significant esophoria and exophoria
among youths 12-17 years of age in the United
States.

With respect to the measurement of visual
acuity, the comparability of machine test and
clinical test scores has been investigated in at
least three studies, but these studies used in-
struments or Largets differing somewhat from
those in the present study. 11.16.17 The findings
from these studies would indicate that the as-
sociation between these machine and clinical tests
are also as close as between the clinical tests
themselves, ranging from correlations of +.70
to +.90 when both types of test are done without
dilation.

Because of the limitation of the trial lens
used in the survey, the timelag between the

10

survey and clinical tests, and the fact that the
best correction was obtained by refraction with
cycloplegia in the clinical examination, it is to
be expected that the agreement between the
survey and clinical acuity tests will be lower
than those from the studies cited above, The
correlation between the acuity obtained on the
survey trial lens test (without cycloplegia) and
that obtained by refraction (with cycloplegia)
in the clinical examination was +.29. However,
if the comparison is limited to those 47 percent
of the youths for whom only a spherical correction
was needed (without any astigmatism requiring
a cylindrical correction also), the correlation was
increased to +M.

SUMMARY

The validation study of the vision test battery
used in the Health Examination Survey of 1966-70
among youths 12-17 years of age was conducted
among a sample of youth examinees in that
survey from the Chicago area in July-August
1968. The study was designed primarily to
determine the degree of correspondence with
respect to myopia and lateral heterophoria be-
tween actual survey test results and those obtained
in the usual clinical examination by an ophthal-
mologist.

Following 1 to 4 weeks after their regular
survey examination, a sample of 98 youths,
including 69 who were judged visually abnormal
by predetermined criteria and a control group of
29 normal youths, were given a standard clinical
ophthalmological examination in which cyclo-
plegics were used for the refractive examination.

Findings from the special study indica..e that
the survey test results for lateral phorla will
give fairly reliable estimates of the prevalence
of significant esophoria and exophoria among the
youth population of the United States fa tie 1966-
70 survey. The trial lens test for myopia will
give a slightly better estimate of the best corrected
acuity among the youth population than that
obtained from test results with their present
glasses when con sidered in relation to the strength
of the correction needed. The estimates will be
slightly better among those requiring only simple
spherical lenses than those with astigmatism
needing a more complex corrective lens.
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Table 10 Degree of binocular lateral phorta at distanee without correction on survey
test 6'0 inical examination of youth], 12.17 years of age: Chicago Special Vision
Stud0y* 196

Findings on clinical
examination

Total
youths

stun

dy

Survey test results

ABNORMAL ON SURVEY

Total in study..

25"

4'
2'
1'

0'

Esophoria

1'
2'
4'
6'
8'

10'
12'
14'
16'

30'

2'
0'

Exophoria

NORMAL ON SURVEY

Total in study.-

Esophoria

1'
2'
4'

Exophoria

69

Esophoria in prism diopters

104 151 [46
r, 0.

0

Number of youths

1 1 3 4 6 8 11 6

Exophoria
in prism
diopters

5

_Target

visible

22

1

1
1

35.

5
13
3
3
1

1.

1

1

29

1

22

1

4
1

1.

4 8

1
3 2 2

1
1 1 -

.....
6 6 2

8

5
1

1

1
1

1

1

13



Table Tv Davao of binocular near lateral phoria without Correction on survey test and clinical examination of youths 12.17 years
of age: Chicago Special Vision Study, 1968

Findings on
clinical

examination

ABNORMAL ON
--10M217--

Total in
study...

Esophorla

30'
104
a,
64e0o .....

44
2'

04

Exophoria

14
24 .

4'
6'
a'

104
124
144
20'

30'
154

%VI?
Total in
study...

Esophoria

64

24
1,
04

Exophoria

24
44
6'
8'

04
12'

Total
youths
in

study

69

Surve:. test results

Esophoria in prism
diopters

11111111131111

6
4

2

9
8
1

3
8
1
1

1

29

5
2
3
2

1

14

Exophoria in prism diopters

3' 4' 51 ?" 8' 9' 10' 12' 3' 14' 15' 6' 17'

Tar
get
not
ots
VA.

Number of youths

I, 3 6 3 3 2 2 4 5 1 7 3 3 9

1'
.1-

1 1 1
1

1 I

1

1
1

1
1

1 2
2 1

1 1

1. 1
2 1

2

1 2 1 3 4 4 3 2 4 3
L

1

1 1 1 1 1 1 4

L

2



'1614,3,-0,10)o of binocuitti lateral. photia at'dietance vith COrrectiOn on'eutvey teat
4nd olihi001 exaMination of youths 12.17 years'of age; Chicago Special Vision Studyk-

Total
Findings on clinical youths

examination in
Itudy

25'

46
0'

ABNONAL ON SURVEY

Total in study

Esophoria

Exophorla

16
2'
4'
86

186
258

Not tested

NORMAL ON SURVEY

Total in study

06

Not tested

0

42

Survey test results

Esophoria in prism
diopters

1 -

-2
7

3

1 ow

1

5

2

44

Number of youths

Exophorit
in prifts
diopters

1 44 64

7 11

. . 1

. . .

1 3 5 2 6 2

2

2 3
2

w ft 1
1

1 - 2 1 -

- 1 1

1

Tarp

nOt
vises
ible

15



Table 4. Dogma of binocular nest lateral phoria with correction On survey test and clinical examination of youths 12.17 yeirrOU
age: Chicago Special Vision Study, 1968

findings on clinical
examination

Total
youths

stud
in

y

ARNORMAL ON SURVEY

Total in study....

Esophorla

3'

12'

6'
4'

. 0'

61

Exophoria

21
4'
61
8'
104

Not tested

NORMAL ON SuRVEY

Total in study

ExophoriA

2'

Not tested,

4

16

a

1
1
3
1

Survey test reAllts

Esophoria in prism diopteto

12'
" 1" 76-{64 V [44

3 2 2 1 1 3 2 4

08

2' 1'

Number of youths

3 1 1 3

1 1 1 1 1 2

I

1 1 1

1

16

Exophoria in prismoitoptere

1' 31 4' 34 6' 8' 9' 10' 11' 13'

2 4 1 . 2 2 1 1 1 1

=

a

1 1 1 1

I

I



ehl -$1-' }lumber end percent of monocular visual acuity tests for youths 12-17 years of age, by
IIALIallet,aculey level reached with trial Jens.and present glasses in survey and on refraction

Olin cif ertiminatiohl Chicago Special. Vision_Study, 1968

Total

Total

Trial letg
_

,20/20/20,or'hetter2$
10/30
,

'220/400/$0
-20/60 to 20/70

_220/200
0/100

10/400

Total

Trial lens

20/20 or better
20/25
20/30
20/40
20/50

:-,20/10020/60 to 20/70
z.

20/200
201400

Total

Present glasses

20/20 or better
20125
20/30
20/40
20/50
20/60 to 20/70
20/100

'

54
10

Monocular acuity level

20/20
or

het-
ter

20/25 20/30 20/40 20150
20/60
to
20/70

201100

65

Number of tests with refraction_

24 4

47
1

7 - S . .

9 5 5 - .
do

11
12
4
3
2
5
2

6
4
3
2

1

4
2

1
-

I
-

-

1

4
-
.

-
3
1

2

I

1

-

.

-
-

.

-

-

-

1

.

Number of tests with present glasses

75

37
5
9
8
4
3
2
5
2

I 43 9 10 5 2 3 3

28
1
5
4
2

1

1

1

5

1

1

1

1

3
1
2
1
-

1

1

1

-

1
1
1

-

-

i
-

-

-
-

2

-

-

-

-

-

1

-
-
-

1

1
-

-

-

2
.

-

1

-

-

-

-

Number of tests with refraction

84 58 15 7 3 1

50 43 7
10 5 3 2

10 6 2 2
5 1 1 2
2 2
4 2 1
3 1 2

17



:Table 51. .Nnekber and percent of monocular visual Acuity tests for Ouths 12.17 -years of ate, by
-? thelyirlual equity level reached with trial-lens and present glasses in surve!.,end on iefraCtion .':

in-cliniCe1 Oieminitiont Chicago-Specie/ Vision Studyp 1960-Con.

Monocular acuity level

Test for monocular Acuity and
acuity leve,1-

Total 20/20
or

bet-
tor

20/25 20/30 20/40 20/50
20/60

28,70
20)lob

Trial lens percent of tests with refraction

'iotal 100.0 63,1 23,3 8.7 3.9

24:60nebetter
_ 20/25,

20/6
20/100

-

20/200
20/400

52,4 45.6 -6,8
9.7 1.0 8.7 ,.

10.7 '5.8 3,9 1.0
11.7 3.9 2.0 3,9 1.9
3.9 2.9 -' 1.0 - - .

2.9 1.9 - - 1.0 .

1 - -
4.8
.9

1,0 04- 2.i 1.0
1.9 0.9 1.0 - - -

Trial lens Percent of tests with present glasses

.0 1.0

1.0

Total 140.0

20/20 or better
20/25
20/30

220/450

0
0/

20/600
to 20/70

20/10
20/200
20/400

Total

Present glasses

20/20 or better
20/25
20/30
20/40
20/50
20/60 to 20/70
20/100

57.3

49,3 37.3
6.7 1.3
12.0 6.7
10.7

i.1;5.3
4.0 .

2.6 1.3
6.7 1.3
2.7 1,3

100.0

12,0 13.3 6.7 2,7 4.0

6.7
-

4.0
1.3

-
1,3

- 1.3
:2;

1,3 2.7 1,3 .

- 1.3 1.3 2.7
1.4 . .

1.3 1.3 - 1,4
.

1,3 1.3
.

2.8
.

.
1.3

4..

- 1,4 - -

Percent of tests with refraction

69.0 17.9 8.3 3.6 1.2

59.4 51.1 8.3
11.9 6.0 3.6
11.9 7.1 2.4
6.0 1.2 1.2
2.4
4.8 2.4
3.6 1.2 2.4

2.3
2.4
1,2
2.4

2.4

1.2 1.2
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-Table 6t- Number-and percent of .monocular visual acuity tests for youths 12-17 years of age given the
Alt---frOttive examination in clinical examination and the trial lens teat in survey,by the visual acuity
level 'reached and the comparative strength of the lenses' Chicago Special Vision Study, 1968 .

z

Comparative strengths of refractive
and trial lenses

Total
eyes

tested

Best acuity on
refraction

Total
eyes
tested

Best acuity on
refraction

Same
as

with
trial
lens

Better
than
with
trial
lens

Worse
than
with
trial
lens

Same
as

with
trial
lens

Better
than
with
trial
lens

Worse
than
with
trial
lens

Spherical-equivaleoceq of all lenses in
--_refractive examination:

Number of tests Percent of tests

Total 103 2i 541 100.0 p 40.8 52.4

Same as trial lens 38 17 21 - 36,9 16.5 20.4
Stronger than trial tens but within
trial lens range 22 1 2 2 21.3 7.8 11.6 1.9

Weaker than trial lens 32 177 10 5 31.1 16.5 9.7 4.9
Beyond trial lens range (6 dioptera
or more) 11 - 11 - 10.7 10.7

Spherical lens only used in refractive
examinations

Total 48 21 23 4 46.6 20,4 22.3 3.9

Power lame as trial lens 20 12 8 19.4 11.7 7.7
Power stronger than trial lens but
within trial lens range 6 2 3 1 5.8 1.9 2.9 1.0

Power weaker than trial lens 18 7 8 3 17.5 6.8 7.8 2.9

Power beyond trial lens range (6
diopters or more) 4 4 3.9 3.9

Sppherical and cylindrical lenses used in
refractive examination:

Total 55 21 31 53.4 20.4 30.1 2,9

Powers same as trial lens 15 8 14.6 5.8 7.8 1.0
Powera stronger than trial lens but
within trial lens range
POwer° weaker than trial lens

20
9

8 11
1 1

19.4
8.7

7.8
6.8

10.6
1.0

1.0
0.9

Power° beyond trial lens range (6
dioptera or more) 11 11 10.7 10.7

Spherical equivalence. sake as trial
Lens 18 13 17.51 4.9 12.6

Spherical equivalence stronger than
trial lens but within trial lens
range 16 6 1 15.5 5.8 8.7 1.0

4Spherical equivalence weaker than
trial lens 14 10 2 2 13.6 9.8 1.9 1.9

Spherical eqUivalence! beyond trial
lens range (6 diOpters or more) 7 6.8 6.8

!Power and zpherical equivalence.
°Spherical lens power in simple lens or algebraic sum of power of sphere and one-half power of cy-

linder in complex lene.
IsAlgebraic.Sum of power of sphere and cylinder in complex tens.
Algebraid sum of power of sphere and one-half power of cylinder in complex lens.
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.10.01tAi percent 0 monocular visuai-ecuity tests for youths 12417 yeari of ageliVen

-tettOire'eXIM Pern in oliniC41. eatiMieitiOn and testa with present glsoies in Survey, by t tt,VidOal

acuity eVel-re 0_* the comparative strength of Unseat Chicago Special Vision Study, 1 6a

Comparative strength' of
refractive lents end youth's

: own glasses

Spherical equivalencei of all
lenses in refractive exams
nations

$404 Se_OWA glasses
Stronger Olen _Own gtassaa..-'
Weaker than own glasses.-

Spherical lenaonly,Uaed in
refractive examination!

Total

Best acuity On refraction

oral
eyes Same as
tested with

1

goljwsteS

Better Worse
than than
with with
own own

glows glasses

Total
eyes
tested

Beat acuity on refraction

Same as
with
own

glasses

Better
than
with
own

gasses

wore;'[

that
01.6
own

glissea

14

48
17

39

Number of teats

31

9
4
18

16

28 1. 25

4
12
12

10

percent of tests

100.0 36.9 33.3

6 2

22.0,2

6
1

18 57.2

13 46.4 1960

4
1.2
144 .3

`-11.9

-Power tame as own gliases-.
Power stronger than own -

glaate 5

Power wseaker than own
glassei 28

Spherical and cylindrical
-lenses used in refractive
examination:

Total 45

Powers lame as own glasses-- -
Powers stronger than own
glosses
Power 3 weaker than own
glasses

Spherical equivalence4 same
as own glasses

Spherical equivalences
stronger than own glasses - --
Spherical equivalence4
weaker than own glaaaes

1

10

1

4

S

15 18

13

12

8 2 3

11 2 6 3

26 11 9

13 4 3

12 3 8 1

20 8 ( 7

7.1

6.0

33,3

6.0

1,2

11.8

1.1

4.8

6.0

53.6 17.9 21,4

1565

15.5

14,3"

9.6 2.4 3.6 3.6

13.1 2.4 7.1 3.6

30.9 13.1 10.7 7.1

15.5 4.8 3.6 7,1

14,3 3.6 9,5 1,2

23.8 9.5 8.3 6.0

1Pewer and spherical equivalence.
1Sphetical lens power in simple lens or algebraic sum of power of sphere and one -half powet of cy-

linder in ceOplex lens.
'Algebraic suet of power of sphere and cylinder in complex lens.
.4Algebtaic sum of power of sphere and one -half power of cylinder in complex lens.



NOMhir and percent of monocular visual acuity tests for youths 12 17 years of Age given,
t A trial legs test And testa with present glasses in survey, by the visual acuity level reached and
the cemparatiVe strength of the lenses! Chicago Special Vision Study, 1968

Comparative strength' of youth's
glasses and trial lens

Spherital equivalences of own glasses:

Total

Same as trial lens
Stronger thau trial lens but within
trial lens range

Weaker than trial lens
Beyond trial lens range (6 diopters
or More) o

Spherical lens only in own glasses:

Total

'Power same as trial lens
Powwithiner sttriarongl er

lens
than trial

range
lens but

- -Power weaker than trial lens
Power beyond trial lens range (6
diopters or more)

Spherical and cylindrical lenses in own
"glasses:

Total

Power! same As trial lens
Power° stronger than trial lens but
within trial lens - - -
Power3 weaker than trial lens
Power3 beyond trial lens range (6
diopters or more)-....... . .

Spherical equivalence4,same as trial
lens

Spherical equivalence 4 stronger than
trial lens but within trial lens

.. . . .
Spherical equiValencel weaker than
trial lens

Spherical equivalence' beyond trial
lens range (6 diopters or more)

!Power and spherical equivalence,

in complex lens.
!Spherical lens power in simple lens

Algebraic sum of power of sphere all
'Algebraic sum of power of sphere a

Total
eyes

tested

Actual acuity with
own glasses

Total

tested

Actual acuity with
own glasses

Same
as
with
trial
lens

Betted
than
with
trial
lens

Worse
than
with
trial
lens

Same
as

with
trial
lens

Better
than
with
trial
lens

Worse
than
with
trial
lens

Number of tests Percent of tests

75 1 19 39 17 100.0 25.3 52,0 22.7

19 4 25.3 12.0 8.0 5.3

24
11

6
3

15 3
a

32.0
14.7

8.0
4.0

20.0 4.0

21 18 28.0 1.3 24,0 2.7

34 18 -45.4 10,7 24.0 10.7

2 10.7 5.3 2.7 2.7

9 12.0 4.0 8.0
5 6./ 6.7

12 10 16.0 1.4 13.3 1.3

41 11 21 54.6 14.7 28.0 11.9

4 5.3 4.0 1.3

19 4 25.3 10.7 9.3 5.3
5 2 3 6.7 2.7 4.0

13 11 17.3 1.3 14.7 1.3

11 14.7 6.7 5.3 2.7

15 20.0 4.0 12.0 4.0

6 3 8.0 4,0 4.0

9 12.0 10.7 1.3

or algebraic sum of power of sphere and one-half

ylinder in complex lens.
one-half power of cylinder in complex lens.

power of cy-
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Tattle 9. Number end percent of monocular visual acuity tests for youths 12.17 years of age, by the visual ectit
level reached and the strength of correction in trial lens and refractions Chicago Special Vision Study, 1966

Test, powet, .11J spheacal
equivalence of lens Total*

Monocular acuity

20/20
or

bet-
ter

20/25 20/30 20/40 20/50
20/60
to
20/70

TRIAL LENS

103 54 10

Number

11 12

of tests

4 3Total

powers

- 5 D
4

- 3 D
2 D

1.5 D
-

0
I D

D

RETRAcIION

23
9

12
6
6
25
22

103

4
7

11
4

23

65

2

1

6

24

S

1

1

4

9

1

1

9

4 2

1

Total

Lens powers

1

2

2
1
8

7

11
7
0

110

11
10
18
3

2

1

3

10
8

18
10
10
11
23

1

100.0

1

1

5

8
11
6
7

8
11
2

1

1

5

4
7

12
6

9

14

52.4

I

2

3
4
2

3
2
6
1

3

6
2
2
1

8
1

9.7

1

2
2

1

1
2

2
2

1

10.7

.10

2

01.

Percent

11.7

of testa

3.9 2.9

-12
-0 D
-19 D .

8 0
- 7 D

.

6
5

D
D

4 D
3 D
2 D

.1.5 D
1 D
0 D

+1 D
+2 D

Spherical equivalence*

-10 D
9 D

--
a D
7 D

- 6 b
- 5 D
- 4 D-
1 D

- 2 D
1.5 D
- 1 D

0 D
+ 1 D
+ 2 D

TRIAL LENS

Total

Negative lens -
0 power

REFRACTION

78.6
21.4

100.0

52.4

63.1

3.9
5.8

23.3

6.8
3.9

8.7

3.0
8.7

3.9

3.9 1.9
1.0

1.0

(Spherical equivalence)

Total -

Negative lens
0 powr
PositiVe lens

75.8
22.3
1.9

48.5
14.6

156.7.7

0.9

7.7

1.0

2.9
1.0

1.0

20/100 20/200 20/400

2 S

1.9 4.8 1.9

1.9 4.8 0.9
1.0

1,With both types of test.
*Power of lens in diopters (D)- algebraic sum of spherical power and cylindrical power in the correction.
Spherical equivalence of lens in diopters (D). algebraic sum of spherical power and one-half power ofcylinder

in the correction.
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4 10; $umher tiodpercent of meakular viedal acuity tests for yOuths 12.17 years of age* by the wia0a1 acuity
ell -reached and the strength J correction in trial lens and in present glasses, thicagb Special Vision Stu y,96

-.Test* power, and spherical
equivalence of lend Total 20/20

or
bet-
ter

1.-

20/25 20/30 20/40

Honotular acuity

20/50 20/70 20/100 20/200 20/400

IBIAL LEN§
Total

D

0

4
. 1 D/5

D

D

power'

Total

'RESENT GLASSES

Lens power!
.l p
. 0

0-

11
), 0

0 .

0
a

0
D

._S D

:4'10

D.

41
1

5
0

41 D
$ 2

D
D
0
0

'-10 0

' 80
w2 b
t 6 D

!
3 -

0

* 2 D

D
0 D

D
tr2 D

Spherical equivalences

Total
TRIAL LENS

'Wive lens
-power

PRESENT CLASSES

(Spherical equivalence)

Total

po
iative

i

lens
;Wttiver

e ions

75

23

11
5

10

75

2

1
3
1
4
4
5
7
3
3
9
9

10
1
5
4

Number of testa
37 5 9 8 4

4
7

10
3
4
9

1
2

2 1 4

1

43 9 10

2 1
1
3

4
2 1

1
5
2 1
3
6 1
3 2
7 1
1
3
1

Z 2 1
2 2
5 3 1
6 4 1
7 6
4 2 1

112 9
12 7 1.

6 3
4 3 1
5 2
2 -
2

100.0 49.3

1
1

1

1

2

2

1

1

1

1

1
1

2

2

1

2
1 1 -

Percent of tests

6.7 1 12.0 10.7 5.3

2

4.0
86.7
13.3

100.0

49.3

57,3

5.4
1.3

12.0

10.7
1.3

13'4

4.0
6.7

6.7

5,3 2.7
1.3

2

1

2

2.7

2.7

4.0

6,7

eb.

5.4
1.3

1.4
1.3

92.0
S
2..7

3
56.0
1.3

12.0 12.0

1.3

4.1
1.3
1.3

2.7
4.0 4.0

1With both typo, of test.
!Power of lent in diopters (W.! algebraic sum of spherical power and cylindrical power in the correction.
llpheriCal equivalence of lens in diopters (0) algebraic sum of spherical power and one-half power of cylinderfi the correction.
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Table 11. Number and percent of monocular visual acuity tests for youths 12-17 years of 00,- ht
the Visual acuity level reached and the strength of correction on refraction and in Oresen
siva:last Chicago Special Vision Study, 1968

Test, power,-And spherical
equivalence of lens Totall

Monocular acuity

Total

-12 D
- 10 D
- 9 D
. 8 D
. 7 D
6 D

- 5 D
- 4

3 D
O 2 D
.15 D
- 1 D
O D

+1 D

REFRACTION

Lens _power 2

Spherical equivalence/

-10 b.-.
- 9 D
-8 D
-6 D
- 5 D
-

- 3
4

0
- 2
- 1.5 D
- 1
O D

-18 0
-15
-13 D
12 D
- 11 D
-10 D
- 9 D
- 8 D
- 7
- 6
- 5
- 4 D
- 3 D
- 2 13

-1.5 D
- 1 D

o
+ 1 D
'+ 2 D

PRESENT GLASSES

Total

Lerlpower 2

With both types of test.
Power of lens in diopters (D) algebraic sum of spherical power and cylindrical power in the

cortection,
'Spherical equivalence of lens in diopters (D) algebraic sum of spherical power and one -half

power of cylinder in the correction.

84

1
2
3
2
1

8
7

11
16
10

5
8
2

2

2

4
5

8
10
8
9
8
6

12

84

2

2
2
3
2
4
4
5
9
3
3
9
9
8
1

8
4
2

4

20/20
Or

bet-
ter

58

1

2

5
5
8
11
6

4
5

8
2

1

1

2
5
4

1 12
6
4
5

11

50

1
2
2
3
2
4
5
2
3
6
3
7

1

6
3

20/25

15

1
2
3

4
2

2

1

3
1

6
2

2

1

10

1

I

1

1

2

1

1

20/30

Number of tests

7

1

2

1

1

2

10

1

1

1

2

1

20/40

3

1

1

1

1

20/50

2

2

20/60
to

20/70

1

11.

4

1

2

20/100,

;1

`3

41

24
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fIto-11j , umber and percent of monocular visual acuity teats for youths 12-17 years of age, by-Abe visual acuity level reached And the strength of correction on refraction and in present
`'.glatIsea: Chicago Special Vision Study, 1968--Con.

Test, power, and spherical
equivalence of lens Totals

Monocular acuity

20/20

",bet-
ter

20/25 20/30 20/40 20/50
20/60
to

20/70
20/100

PRESENT GLASSES --Con,

1

1
2

NuMber of

1

1

tests

1.

Spherical equivalence3

- D
-113

4
D

411 D

5 3 1
8 0 3 3
7 D 5 3

D 6 4 1 1
7 6 1k
4 2 1 .11 13 D 12 9 2 1=2 D 12 7 1 1

X15 0
6
6

3
5

1 2

0 0 9 5 2 11 D 3 12 0 2 1

REFRACTION Percent of tests

(Spherical equivalence)

Total 100.0 69.0 17.9 8.3 3.6 1.2
egittive lens 85.7 55.9 16.7 8.3 3.6 1.20 power 14.3 13.1 1.2F4sWve lens

PRESENT GLASSES

(Spherical equivalence)

Total 100,0 59.5 11.9 11.9 6.0 2.4 4.8 3.6
egative lens 83.3 53.5 10.7 8.3 3.6 3.6 3.6-power
ositive lens 111.

10.7
6.0

6,0
1.2

2.4
1.2

1.2
1,2 2.4

1.2

With both types of test.2
Power of lens in diopters (D) 4 algebraic sumofspherical power and cylindrical power in theorcection,
Spherical equivalence of lens in diopters (D) 4 algebraic sum of spherical power and one-half

ower of cylinder in the correction.
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Table 12. Spherical lens strength in best correction on refraction and in present glasses for youths 12.17 years of eget Chimp
Special Vision Study, 1968

$pherlcal correction
to present glasses in

dloptera

to
Cal

pherical correction on refraction in diopters

1R N 8
.4

8
el

8 8
cs 4

0
nt

8 Sn

I

Number f ensea to ted

Total 88 1 1 1 1 2 1 1 1 1 4 3 0 3 2 3 3 3 6 1 6 4 2 2 6 4 4 3 4 2 S 1 2

-9.75 1 1

-9.00 1 1

-7.75- -- 2 2
-6.00 2

.5.75 3 1

-5.50 I 1
-5.25 I
-5.-5.00

-4. 75
5
1

1 3

4.50 2 1 1

-4.25 1 2 1

-4.00 1 1
-3.75 3 1 1 1

2

-3.25 1 1

-3.00. 2 1 1
-2.75 . 1
-2.50 6 1 2 1
-2.25
-2.00

4
2

2
1

1
1

-1.75
-1.50*

8
4 1

1 1 1 2

1
1

2

- 1.25 -- 3 1 1 1
-1.00 4
-0.75 3

40.50 3 1 1
- 0.25 -- 3

0
+0.25.-

5
1

1 1

+0.52 0

+0.75
41.00

0
2 1

41.25--
+1.50

2

1

1

2
+1.75 - - --
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_Table 14. Cylindrical lens strength in best correction on refraction and in present glasses foi,"
youths 12.17 years of age: Chicago Special Vision Study, 1968

Cylindrial correction on refraction in diopters

Cylindrical correction in
present glasses in diopters

To-
tal it)

ri

Total

- 9.75 --
. 9.00 - - -.

-8.25
- 7.25 - --

I MI

-6.50
-6.00
-5.75.--
- 5.50 - --

-5.25

-5.00
-4.75
Am..-- -
-4.25
-4.00

.3.75.-
3..50
-3.25
*3.00
-2.75.... -

-2.50
.......2.25

-2.00
-1.75
-1.50

.125

.1..00
-0,75.----
-0.50
-0.25---- - . mwm...0

0
+0.75
+1.00

88 1I 1. 1

1

1

1

3

1
2

1

1

1

3

3

3
2
2

2

3
1

3
1

2
6
3
4
4

3

6

4
10
1

4
1

4

.0

110

1

do IN

.10

10

10

10

40 Me

a lb

- 1
de 01.

Ile

ea Ea

01

0 ft

0 ft

1

110

IA

28

O
1,4 tst

8 0
'21

8
ph

tr.
0 4

0
O

Numb

11 2

er of

01 1

lenses tested

1I 21 7 3 14 7 41

0

11111

do a*

110

- 1

1101

01 40

0, es

1
2 .

- 2 -

1

- 1 -

1 -

3
2

- 1 - r 4. 2 -

11
I

1

4,1

1 .
0 id

2 .

. 1 - - 2 -

. 3 -

O a

0 .
1110

NO 0,

1

. a
1

,



bfe 15, Degree of axis rotation for lenses in but correction on refraction and in present glasses
for youths 12.17 years of age: Chicago Special Vision Study, 1968

giotats on idn preeent Total Axis rotation on refraction in degrees

06 106 30° 60° 65° 75° 80° 90° 95° 100° 105° 170° 180°

Number of lenses tested

Total

'0°
1°

2°
3:
5-

,
V

11°

"174
-19:

IP'
I°

32°
39°
42°
49°

135°
146°
1616
161°

164°

169°
°

70°
173°

176°

177°
178°
179°
180°

88 41 1 i 1 1 1 0 25 1 1 2 1 12

41
1

2
2
1

1

1
1

2

1
1

1
1

I

1
1

1
1.

1
1
1

1
1

4

1

2

2
3

1

2
2

25
1
.
.

.

.

-
1.

1
-

1
1

1
-

1
-

-
-
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2
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m
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Name

APPENDIX

RECORDING FORMS

NES-III June 4, 1968

Soecial Vision Study Appointment Form

Chicago, Illinols,July 23-31, Aug. 15-24, 1968

Scheduling restrictions:

Segment No, Serial No.

Mon. Tue. Wed.

-
,

Thu. Fri. Sat.
A.M.
P.M.

Remarks:

Parent (or Guardian) Name and Address:

L:7 Consent given

L:7 Consent refused

Record of

Telephone No.

calls and appointment for Speciel Vision Study:

Appointment
By Date Person Contacted

(Da ti )
Remarks

1...1.111.=....

Examination Findings*: 1:7 Normal L:7 Abnormal

Tests without Correction --

Binocular leterel phoria, distance (Code)

Monocular distance scores Rt. Lt.---___
Monocular near scores Rt. Lt,

Tests with Correction

Binocular lateral phoria, (Code): Distance Near

* Abnormals include: Lateral phoriest distance less than 6 or more than 16;

lateral phoria at neer less than 8 or more than 111; visual acuity code at

distance moro than 20 in either eye.



Name

BUDGET BUREAU NO. 68.568048
EXP. DATE 12/31/68

Special Vision Test Validation Study Examination Form

NES III
Chicago, Illinois
July 23.31, 1968
August 15.24, 1968

fate Time Case No.

I. Phoria tests (without cycloplegics) (in diopters)

Without Correction

_II. Refraction (with cycloplegics)

with Correction

Distance Near
1

Xs . X
1
s__

4

Or
E a . Sphere

4

or
. Cylinder

-r

Axis dey. Acuity

I.,
-- --.-- --

__

k

-- __*-- --

-- --.-- --

-- -- --
o- -- -- --

20/-
Comments!

*tit: Maria readings in whale dioptats (tsesophoria, Xexophorls).
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%on Om*, too Non 0
Wein tooknt 14orti toe listi 1

Wean Wring far nth s

cOlOi AWN nit NO. I What° birloorlor hit

MUM 066111414 9490-111

(010R VISION
NO IOW

94A11

1

4

10

17

ILO AS

12 064r

0 $

a 2 0 Othef
0 6 0 060
0 S 00thor

Other

0 42 03 0 42
044

o'

COLOR VISION TEST 140. 2-14-k-* (cominvoli)

M.
1-0

Not4t091h 6$.1 ion cot 061.1 2-IT Is 6 si p b polo 2 of Moto.
form)

C01,00 VISION TEST NUmbER

PIAT 1 11

1 El Oftwir
Soy.
1-0

11-v

Oil

4

6

0 VIn

N.

0 Other

Othor

°ow

oliw

SCOPE (1-4

9*-44It- ones
kw. 1 t440

32

PLATE

7

1

flM
Ur othw

12
146. Ii

VISION

9

P t4".

i] EH EE,0 Other

EB
1E3 Other

13 V0 IIII N..

i3

14

15

is
V

1im
tun

0

0

ani

EB
V

SCORE, *rough 16) _-.7.-- -

High 2a Proton 0 Dtron

17

Ia

19

OM EU FE
U.
0In

1

ott*,

0 Orttor

0 "NI

20 Ns FE] 0 otsw,Qt
SCOltel (17 &oval, 20)

tx. 0 Triton 0 %Won
WAS NO 11.4 Alamorrale



WA aware sitnysi

DISTANCE VISIONWITHOUT CORRECTION

-VISION

04114 t. 91,40 Ira. I' t, 0 Neat (Odd numbers distance Intl *von numbers near Am)
DIAL

I. IINOOAAR LATERAL PHORIADISTANCE {Check number nearest swing)

t411611 01 02 03 GI 4 Os /s 07 (38 Dio
(:) 12 013 0 14 0 15 Pis /017 11I Q12' rj 2o C3 21

13 ROI or 21
Awns er number not visible.

Code
MONOCULAR DISTANCE,-SMALL'

Uts* Itigh1 *ye
(CScorehock) Leh eye

VHDHS OZKRC SO COINO
4 OYZNC SIMKO CNRK14

7 KN1CO Sk0HV --30 DVHCK

KNDRS IVCOH (DM
9 VICHD Kti11S0-20 CVHSZ

10 1(251/14 HMO 17 DNVHS

11 RCSNV KOHOZ 15 ZHODC

12 ROKHZ NSCVD --.12 KHOZO

3. MONOCULAR DISTANCELARGE' fUotb' %oft so 1:4.1

Right eye State Lett eye

14SRVH--- so

ZVS00-40
07 N SR --. 30

SZVNH 25

ORKDN-_- 20

OKRCZ 17

SVNK -...- 13

CSNVR .-_-. 12

1

2

2 I
3

SDK ----400
ICSZO

KNHDV

HNZOS KRCVD .. 100
ZHODC SVNKft 70

VNC ---400
OZNXS

---200
DRHCV

RZOHC XS/40'4.100

RKNCZ HSDVO 70

CODE CODE

TRIAL WO FOR MYOPIA iscoo in 1,,141 1-8, Mares 2, 3 OMIT If CONTACT LENSES ARE WORN.)

ROI eye 0
0 1

WI ey*

3k. I1NOCULAR DISIANCESMAIL

Lit*

0 0 0 0 0 SCORE
1,5 2 3 4 S N.A.

0 0 sem

6

7

9

10

11

12

Scots

OSDNH VtaCt 30

ILHICO OSV104 40

SVNHO KCROZ 30

ONSCK 020VN 23

0141IN HSCKD 20

ORHVet ZSKCO 17

OSKCV RZHON IS

SICKEN OCVRZ ..--- 12

4A. IINOCULAR DISTANCE--LARGE (ogrir :f was u bier k4)

line i Score

2

3

.4

KOS 400
ZSKCO 200
VRHDN

INSICH VDRCO _

02CRH NSKOV 70

Cods .__-_

,Dugooui I ne tbtousb tub letter tented, boutontal btu throat!, sierreoett of btu not atempted and through top full fent not attempted'

PAN tj
liAkhl NO 114;

-33



T-.75';171--Wr

1101111 MOM* R1110701

NEAR VISION041111010 CORRECTION

6. IMOCULAR 1.Af2 111A-.NtAll (Chu ourobfr 6.411.0

0 LAO 1 01 02 03 Di 05 06 0 0 09 0 10 0 11 0 12 0 13 0 14_
09016 017 0 is it 020 0 11 022 0 33 0 21 p 2$ 0 26 0 27 0 2110 2t,
CI so 0 31 Da 0 33 0 W*033 COOL _

T M01100.011 NM.-SMALV , MONOCULAR NeARLAROI Molt 4' Wit

UM
SeelMO et tchimh) M oy Scots LIM 11,91111t0 Sooty Loll oyo Scot,

$

6

7

11

9

10

ii
12

C111$ DKHNO ....$0

VIKCO 1111SON ........40

HSIKN OVCDOI a...30

(111101$ CNDZK ....... 2$

114C011 VONSK ........, 20

1111004$01120 .........17

C941$11 OHKOV ........ 13

ODCNH MK/ .....,. IS

2KCIRV 011$011 20

SOKVO 211111,1C 10

OHM SOKNC 30

OKQSN IIV1CH 23

RKZVD OSNCH ......... 20

OKSRN DIfiCt ........ It

VKHN MAD ..... 1$
ROHKS VONCZ ......... 12

1

2

2

3

4

11CV ......... 400

HMCO I
......... 200

VOS/K

Nom 1112KH .......... 100

VRCN1 OSDHK .... 70

DSK

CRSIO

NDVHK I

OOHS

AVON

.......0 400

...tit 200

NCYRO ......0 100:

OHM _ 70

CON C009 4.0........,..................

9. OINOCUIAR NEAR ".$ MALI, NM 111140014A11 MM..-LARGIV (04 ;row Ai Old It)

iloo , - Scot. Ito. WO
'4,

S

6

7

S

9

10

11

12

OCs/KR 2116011 ,-..-30
21104V MAKS ..-.. 40

SDOVK MINK -4-.10

ONHKO /MC 20

ospoi moo . 20
NZHKO ROTS --.. 17

I

2

2

3

4

_

t41 0C , _

COOS N
.....er 'MIMI 200

KSDVO NHICR

VIO0 HRINKO .....:. 70

SNCZO 111(VHD .......... 13

OtINVO SCZKR 12 CON...Yr

*bigots! lint iftlau 4414 ken II bottsontal Lot deojh bectioas of Imo ita storm sr4 ,oub Iot MI hoto$ In*

NEAR VISIONWITH CORRECTION

IIIS.KOIAJI IA1414 PHOM-84AA (C1144 Weshis /I0ts1 (wow)
0141101 01 02 03 0 Os 06 07/09 0. 0 to 011 012 013 014
013 0 10 0 17 0., 019 0 20 0 21 032 0 23 0 24 025 C126 0 27 0 24 0 It
0 30 0 31 0 32 0 33 0 1414 t4 33 0 MOW W mMIbI Ml v1411414

.4111--4411-4 (AW $I
SO 11-44

fiANkt O t-S;



0141111151104 $51111-111

DISTANCE VISIONWITH CORRECTION
MOM* Vt11011

8
VOlk *WM
W NYMAN INN*

MAL

1. 110400M11 1A1VIAL P110111ADISTANCE numbs noattst arrow)

tattof 1 01 2 03 04 Os /06 7 Os OP 010
011 12 13 014 13 16 / 17 16 019 020 021
0 11104 of 21 0 Arrow or oymbor not rIsibla.

/4401400111.0 01S1ANCIVAAW Cods
' 3. MONOCUIA* 01 1ANttLAO' (Ora Choy N. Old SA)

lb* MO to Sort
(0444) L.11 ays kora

ItD114V $1410C SO CINDO MINK 30
VKI1142 COONS 40 MOH DRSNK 40

7 /1110/12 NCVOK 30 11040 VC01114 30
IOVCS NIKDH 1410/23 CXRDO 2S

111130K ONCY1 20 ROCVN 0051K 20
10 KNR10 ONVCS 17 1511/411C OSOV1...... 17
11 X5005 HWY SCHZO VKNItO 1$

12 IlYNS2 KCOOH 12 C14024 OWNS 12

3.. INNOCUtAk DIS1A1441SMALV

Ilna Right ay* Soon tott off Score

1

21

2

3

4

SDK

SCSZOI

KNI4OV
200

1114203 KIM 100

ZHOOt SVNK11. 70

400 VNt

01114CV
200

1120}1C KSNOV 100

RKNGZ HSOVO..... 70

400

CODS

4.4.-045400.11A1 INSTA7401-1A1105' (ONO 0. 011 e. Oid SA)

coot

llns

4

7

S

9

i0

11

12

Sof.

OSONN VMS

1114ICO OSYKN

WNW) 15C*02

RHSCI( OZDVot

071VN HSCKD

0 ItHV N 2SKCO 17

O$KCV ItliiDN 13

SIMON OCVSZ 2

0

13
20

2

3

4

KOS

ZSKtO I

V1041314

INSKH VDICO

0701 NMI/

Scoot

400

200

100

70

COOS
LRN$0AM1iR RIAOIHGI
ins ISO Mkt, UADDIS

*Dispooal 11.1* sissooth rock koes sslise4; Swipes/1
Um assoues sectioos of line 1$04 tresteptesi sad Omagh sop full kat aot tattopted

TRIAL INS TEST 1,011 MYOPIA (Store in lures t.e, plaho SA, 3)

IWO tiro 0 0 0 0 0
0 I 1.3 2 3 4

Liti eye 0 0 0 0

SCORE

$ N.A.

3COM
111144114 14444 $

It-111 I& Mi NO -N

4
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.1
WITHOUT COIRICTION

MAIT11 UARRIA11011111141-111

VISION.-I.ANDOLT RING TESTS

DISTANCE' 10 feet)

LINE (Cods) RIGHT EYE LEFT EYE IINOCULAII

1 too 200 200

2 300 ioo loo

3 71.4 71.4 71.4

4 SO so 0 so

S 39.3 39.3 39.3

6 25.6 21.6 28.6

7 25 25 0 25

4 214 21.4 21.4

17.9 37,9 17.9

10 14.3 143 14.3 1111

11 10.7 107 10.7

COOS ..

WITH C01111431015

I With Olaiests
2 With Contact Limos

LINE (Cock) RIGHT EVE LEFT EYE 111NOCULAR

2

3

4

6

7

9

10

11

200 200

100 100

71.4 71.4

so so

39.3 311.1

266 216

25 23

21.4 21.4

179 17.9

14,3 143

10 7 to"

200

100

71.4

so

39.3

20.6

25

21.4

17.9

14.3 0
10.7.

COOL

TONAL LENS TEST FOR MYOPIA -withoo correction (Scoop In Ilnes 1-0 Moesocvtae Mauna- Omit if sontecl lows ors went)

2101 eye scoot
0 1.4 2 3 4 3 N.A.

Loft eye Wit
NEAR' tat 14 Inclis)

UNE (f..64) RIGHT EYE LEFT EYE OINOCULAR

2

3

4

6

7

$

9

10

11

200 200

160 160

125 133

ioo ioo

so $0

60 60

50 50

40 40

30 30 0
25 25

20 20

CODE

;;;a71;;,----reoc$4

TRIAL LENS TEST FOR MYOPIA- with essaactiOn (SW*
in 'tees I -II, Masataka' Coistottee)

too 1f
160 121

0 1 13 2 3

its Lsit ell

(tltil

'co matitoy ScosE

$0 4 3 N.A.

60 Lift r* soil
50

LINSOMITIA READINGS Cotessal, mood hem,

40
ITO 11013 f f IS IIADINO j SECOND RIADIN AXIS

30 0
23 leht

20 0

MIS-44114 "MI II
MEV 11-611
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